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This application claims benefit of Korean patent application 
number 1999-11756, filed April 3, 1999 and Korean patent 
application No. 2000-11325, filed March 7, 2000, each of which 
is hereby incorporated by reference for all purposes as if 
fully set forth herein. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a liquid crystal display 
device (LCD) , and more particularly, to a mult i -domain liquid 
crystal display device that could have simplified 
manufacturing processes, and can provide a wide viewing angle. 
Description of the Related Art 

Generally, a liquid crystal alignment layer of a TN 
(Twisted Nematic) -LCD that is used as a LCD having a wide-area 
and high image quality is provided inside of a transparent 
electrode, and which is adjacent to liquid crystal molecules. 
In the interface of an alignment layer and liquid crystal 
molecules, alignment of liquid crystal molecules can be 
expressed with a uniaxial alignment property from a uniaxial 
extension method of an alignment layer, and an angle (pre-tilt 
angle) between the alignment layer and the liquid crystal 
molecules . 

The conventional/ rubbing method has been widely used as a 
mean applying an und^axial extension process on a liquid 
crystal alignment yiayer so as to obtain a wide area and a high 
speed process ari4 to simplify the manufacturing processes. 
Rubbing a substrate coated with polymer with a cloth is a 
simple methoa. 

If a substrate were rubbed by the method, micro grooves 
should be formed on the alignment layer. These micro grooves 
are aligned parallel with liquid crystal molecules so as to 
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minimize the elastic deformation energy. But in the rubbing 
method, shapes of micro grooves formed on the alignment layer 
depend on the friction intensity (rubbing strength) of the 
rubbing cloth and the alignment layer so that alignment of 
5 liquid crystal molecules is non-uniform, and phase distortion 
and light scattering problems are generated. The problems 
exert an important defect to the performance of the LCD. 

Therefore, in this rubbing method, the pre- tilt angle 
changes precisely according to the application condition or 
Q 10 the rubbing condition so that a realization must be considered 
sufficiently. Further, the polymer layer is rubbed with the 
rubbing cloth so that a minute dust or an ESD (Electrostatic 
discharge) may be generated. The dust will be a large 
obstacle in a process of forming a TFT (Thin Film Transistor) 
15 that is provided by repeat of a high-minuteness pixel 

electrode, application, exposure and etching processes. A 
local discharge will result in damage of the alignment layer 
itself, the disconnection of a transparent electrode or TFT, 
or static electricity destruction. And an alignment layer for 
20 a TFT must have a high voltage holding ratio that is able to 
maintain a charge for a long time. 

Particularly, the light transmission of a TN-LCD has a 
symmetric distribution versus viewing angle in the right-left 
(horizontal) direction, but has an asymmetric distribution 
25 versus viewing angle in the up-down (vertical) direction. In 
the viewing angle along the vertical direction, an image 
inversion range is generated and the viewing angle becomes 
narrower . 

To supplement the anisotropy in the liquid crystal, a 
30 multi -domain TN-LCD as a TDTN (Two Domain TN) -LCD and a DDTN 
(Domain Divided TN) -LCD has been introduced. A 
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photolithography and a rubbing method can characterize a 
method of manufacturing this multi -domain TN-LCD. That is, 
photolithography and rubbing methods must be executed at least 
twice so as to form a domain that has mutually opposite or 
5 different alignment directions within each pixel. And a four- 
domain TN-LCD can be also obtained as a more improved 
structure . 

But a two-domain TN-LCD has an up-down (vertical) viewing 
angle of only ±25"^ for the contrast ratio to be beyond 10, and 

10 the up-down (vertical) viewing angle of a four-domain TN-LCD 
is also about ±40°. Further manufacturing processes are 
complex, and the stability of a liquid crystal cell itself or 
instability problems of the tilt angle remain as before. 

In order to overcome this problem in the rubbing method, 

15 a photo -alignment method that determines an alignment 

direction by two exposures to ultraviolet rays irradiation has 
been introduced. 

However this photo -alignment method has problem of weak 
anisotropy in the photo-alignment layer and weak anchoring 

20 energy problem by that, or a non-uniform alignment of a liquid 
crystal, a disclination by interacting with a liquid crystal, 
and flow spots generated when a liquid crystal is injected. 
Also, irradiation four times is necessary to form one domain 
by applying irradiation twice on each of the upper and lower 

25 substrates. Therefore, in order to form a multi-domain 

structure, the irradiation numbers progressively increase for 
one pixel, so that irradiation processes progressively become 
complicated . 

SUMMARY OF THE INVENTION 

30 Accordingly, the present invention is directed to a 

liquid crystal display device that substantially obviates one 
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or more problems due to limitations and disadvantages of the 
related art . 

An object of the present invention is to provide a multi- 
domain LCD forming photo -alignment layer having pre -tilt on at 
5 least substrate, and obtaining mult i -domain effect by- 
patterning electric field inducing window on lower substrate. 

To achieve the objects and in accordance with the purpose 
of the invention, as embodied and broadly described herein, a 
multi-domain liquid crystal display device comprises first and 
10 second substrates facing each other, a liquid crystal layer 
between the first and second substrates, a plurality of gate 
bus lines arranged in a first direction on the first substrate 
and a plurality of data bus lines arranged in a second 
direction on the first substrate to define a pixel region, an 
15 electric field inducing window in the pixel region, and a 
photo -alignment layer on at least one substrate. 

The mult i -domain liquid crystal display device further 
comprises a gate insulator, a passivation layer and a pixel 
electrode on the first substrate. 
20 Also, liquid crystal molecules of the liquid crystal 

layer have mutually different driving properties in each 
region, by the pixel region being divided into at least two 
regions. And the photo -alignment layer is divided into at 
least two regions so those liquid crystal molecules of the 
25 liquid crystal layer have mutually different alignment 
direction in each region. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are included to provide 
a further understanding of the invention and are incorporated 
30 in and constitute a part of the specification, illustrate 

embodiments of the invention and together with the description 
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serve to explain principles of the invention. 

Figs. lA, IB and IC are sectional views of a mult i -domain 
liquid crystal display device according to the present 
invention. : 



Fig. 2Vis a plane view showing a multi-domain liquid 
cr ystal di^^a y device according to the present invention. 

Fig. 3 is a sectional view showing the view along line A- 
A' in Fig. 2 . 

Fig. 4 is a sectional view showing the view along line B- 
O. 10 B' in Fig.2 . 



5A, 5B, 5C, 5D and 5E are plane views showing first 
:s of the present invention. 



Figs. 6A, 6B, 6C and 6D are plane views showing second 
embodir^SAs of the present invention. 



Fi^s . 7A, 7B; 7C and 7D are plane views showing third 
£^.^ embodir^^ts of the present invention. 



Figs. 8A and 8B are plane views showing fourth 
embo^ments of the present invention. 



Figs. 9A and 9B are views showing viewing angle 
20 characteristics according to the present invention and in the 
related art . 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, the multi -domain liquid crystal display 
device of the present invention is explained in detail by 
25 accompanying the drawings . 



8> 



Figs. lA, IB and IC are sectional views of the multi - 
domain liLquid crystal display device of the present invention. 
Fig. 2 ii a plane view showing of the multi -domain liquid 
crystalyff^play devices of the present invention, and Fig. 3 
30 and Fi^^ are sectional views showing the view along lines A- 
A^ and B-fe' respectively of Fig. 2. 
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20 



25 



As shown in the ftLgures , the multi -domain liquid crystal 
display device accordilig to the present invention comprises 
first and second substnrates, a plurality of gate bus lines 1 
arranged in a first direction on the first substrate, and a 
plurality of data bus lines 3 arranged in a second direction 
on the first substrate po define a pixel region. A TFT is 
formed on each pixel region of the first substrate 31 and 
comprises a gate electrode 11, a gate insulator 35, a 
semiconductor layer 5, an ohmic contact layer 6, source/drain 
electrodes 7, 9, etc . A passivation layer 37 is preferably 
formed on the wholeL^il^t substrate 31. A pixel electrode 13 
is connected to the orain electrode 9. An^ electric field 
inducing window 51 is formed therein for the passi^v g^tion.^layer 

And, on the second substrate 33, a light shielding layer 
25 is formed to shield light leakage from the gate bus line 1, 
data bus line 3, and TFT. A color filter layer 23 is formed 
on light shielding layer 25. A common electrode 17 is formed 
on color filter layer 23. And a liquid crystal layer is 
formed between the first and second substrates 31,33. 

In the present multi-domain liquid crystal display 
device, a overcoat layer can be formed so as to prevent 
deterioration is generated by the color filter layer 23 and a 
response of a liquid crystal layer. So overcoat layer is 
formed on the color filter layer 23 and a common electrode 17 
is provided thereon. 
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To manufacture the multi -domain LCD of the present 
invention, in each pixel region on the first substrate 31, a 
TFT is f ormedSreQmprising a gate electrode 11, a gate insulator 
35, a semic^^®Cfctor layer 5, a ohmic contact layer 6 and 
source/ draria-^lectrodes 7, 9. A plurality of gate bus lines 
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1 and a plura 
first substra 




of data bus lines 3 are formed to divide the 
1 into a plurality of pixel regions. 
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Thegate electrode 11 and the gate bus line 1 are formed 
by sputtering and patterning a metal such as Al , Mo, Cr, Ta, 
5. Al alloy, or an alloy of the combination of these metals, etc. 
The gate insulator 35 is formed by depositing SiNx or SiOx 
thereon VisJb^ a PECVD (Plasma Enhancement Chemical Vapor 
Deposit ioA^ method. 



Subsequently, the semiconductor layer 5 and the ohmic 
10 contact lay^r 6 are formed by depositing by PECVD and 

patterning d^orphous silicon (a-Si) and doped amorphous 
silicon (n"*" aV-Si) , respectively. Also, the gate insulator, a- 
Si and n"^ a-si can be deposited by PECVD, continuously, and the 
a-Si and n+ aVsi is patterned to form the gate insulator 35, 
the semiconductor layer 5 and the ohmic contact layer 6 . Data 
^ K bus line 3 a^&vteource/drain electrodes 7, 9 are formed by 
UJ sputtering araHpatterning a metal such as Al , Mo, Cr, Ta, Al 

^ alloy or an all®y of the combination of these metals, etc. 




20 



25 



The passivation layer 3 7 is formed with BCB 
(BenzoCycloButen® ) , acrylic resin, polyimide based compound 
(for example Polmmide, Polyamide, Polyamic acid, etc.), SiNx 

I c 

or SiOx on the whole first substrate 31. And the pixel 
electrode 13 is f^^^^d by sputtering and patterning a metal 
such as ITO (iAs^u^fff tin oxide) . The pixel electrode 13 is 
electrically connected with the source/drain electrodes 7, 9 
of the TFT through! a contact hole 39. 



If that the passivation layer 37 is formed with BCB, 
acrylic resin, or polyimide based compound, the pixel 
electrode 13 on the data bus line 3 can be overlapped so that 
30 the aperture ratio is improved. Also the gate insulator 35 is 
formed with BCB, acrylic resin, polyimide based compound (for 
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example Polyimide, Polyamide, Polyamic acid, etc.) so as to 
improve the aperture ratio. 

At this time, the electric field inducing window 51 is 
formed by patterning a hole or slit in the passivation layer 
5 37 or pixel electrode 13 in order to obtain an electric field 
distortion effect. Also, the electric field inducing window 
51 may be formed by patterning partially or entirely the gate 
insulator 35. 

On the second substrate 33, a light shielding layer 25 is 

10 formed to shield any light leakage from gate and data bus 

lines 1, 3, and the TFT. A color filter layer 23 is formed by 
R, G, and B (red, green blue) elements, which are repeated. 
To form an overcoat layer on the color filter layer 23, resin 
is formed on the whole second substrate 33 . A common 

15 electrode 17 is formed with ITO on the color filter layer 23 
as for the pixel electrode 13, and an alignment layer 18 is 
formed on the pixel electrode 13 and/or the common electrode 
17. And a liquid crystal layer is formed by injecting liquid 
crystal between the first and second substrates 31,33. The 

20 liquid crystal layer includes liquid crystal molecules having 
positive ^ o r neg ative dielectric anisotropy. Also, the liquid 
crystal layer includes chiral dopants. 

Additionally, polymer is extended on at least one of the 
first and second substrates so as to form a phase difference 

25 film 29. The phase difference film 29 is a negative uniaxial 
film, which has one optical axis, and compensates the phase 
difference of the direction according to the viewing angle. 
Hence, it is possible to compensate effectively the right-left 
viewing angle by widening the area without gray inversion, 

30 increasing contrast ratio in an inclined direction, and 
forming one pixel to be multi -domain . 
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In the multi-domain liquid crystal display described 
herein, it is possible to form a negative biaxial film as the 
phase difference film, which has two optical axes and wider 
viewing angle characteristics as compared with the negative 
5 uniaxial film. 

After forming the phase difference film, polarizer 71 is 
formed on at least one substrate. At this time, the phase 
difference film 29 and polarizer 71 are preferably composed as 
one . 

M 10 In the multi -domain liquid crystal display described 

y1 herein, in order to im prove aperture ratio a TFT structure 

J having a high aperture ratio (L-lined Thin Film Transistor, in 

^ Fig. 2 and Fig.4 )^can be applied . And a storage electrode 43 

i y 

pi is overlapped with the gate bus line 1 so as to form a storage 

~ 15 capacitor, also the TFT is formed on the gate bus line 1 as an 
^ L- shape. Therefore, the aperture ratio is improved compared 

Q with the TFT in the related art and a parasitic capacitor 

~ generated between the gate bus line 1 and the drain ■ electrode 

O 

9 is decreased. 

20 In a multi-domain LCD as described herein, the alignment 

layer 18 includes a photosensitive material such as PVCN 
(polyvinylcinnamate) , PSCN (polysiloxanecinnamate) , and CelCN 
(cellulosecinnamate) based compounds. Any material suitable 
for the photo -alignment treatment may be used. 

25 Irradiating light at least once on the alignment layer 

determines the alignment direction or pre-tilt direction and 
the pre-tilt angle at the same time, so that the stability of 
liquid crystal molecules is obtained. The light used in the 
photo -alignment treatment is preferably light in the 

30 ultraviolet range, and unpolarized light, linearly polarized 
light, or partially polarized light can be used. 
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The pre-tilt angle is 1°- 5°, and more desirably 2°- 3°. 
And the rubbing or photo -alignment treatment can be 
applied on one or both of the first and second substrates , and 
it is possible to apply different alignment treatments on each 
5 substrate. 

From the alignment treatment, a multi-domain LCD divided 
into at least two domains is obtained, and liquid crystal 
molecules of the liquid crystal layer are aligned differently 
from one another on each domain. That is, the multi -domain 
O 10 effect is obtained by dividing each pixel into four regions, 
(fi such as in a " + " or "x" shape, or dividing each pixel 

J horizontally, vertically, and/or diagonally, and alignment- 

=p treating or forming alignment directions differently on each 

domain and on each substrate, so that the multi -domain effect 
15 is obtained. It is possible to non-align at least one of the 
divided domains. It is also possible to non-align all 
domains . 

Fig. 1 is a sectional view of the multi-domain liquid 
crystal display device that applies an alignment treatment. 
20 Fig. lA is an embodiment showing a pre-tilt formed by applying 
photo- alignment treatment on the alignment layer of the first 
substrate, and Fig. IB is an embodiment showing a pre-tilt 
formed by applying photo- alignment treatment on the alignment 
layer of the second substrate. Fig. IC is an embodiment 
25 providing the multi -domain effect as well as the electric 
field inducing window more effectively, by applying photo- 
• alignment treatment on the alignment layer of the first and 
second substrates . 

As shown in the Figs. 5, 6, 7 and 8, the pixel electrode 
30 13 forms electric field inducing windows 51 of various shapes, 
which obtains the multi-domain effect. In these figures, the 
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solid lined-arrow represents the alignment direction in a 
substrate. That is, a two-domain effect is obtained by 
patterning each pixel horizontally, vertically, and/or 
diagonally, and alignment treatment or forming alignment 
5 directions differently on each domain and on each substrate. 
And the mult i -domain of four domains is obtained by dividing 
each pixel into "X", "double Y" (shown in the Fig. 7B) , 

">l<", or "the teeth of a comb" shapes, or by patterning "X" and 
shapes at the same time. Further it is possible to apply 
^ 10 this independently or with mixing, on both substrates. Though 

h 

r 

i not shown in these figures, the electric field inducing window 

[ 51 can be also formed on common electrode 17 on the second 

^ substrate 33. 

1 Figs. 9A and 9B show viewing angle characteristic of the 

i 15 multi-domain liquid crystal display as described herein and 

= according to the related art. 

I 

j As shown in the Fig. 9A, the contrast ratio of a mono- 

■ domain liquid crystal display device according to the related 

art is asymmetrical in the up-down (vertical) direction, so 

20 that it is difficult to obtain a uniform viewing angle. But 
as shown in the Fig. 9B, a two-domain liquid crystal display 
device as described herein is symmetrical in the up-down 
(vertical) and right-left (horizontal) directions and the 
viewing angle range is wide so that a uniform viewing angle is 

25 obtained in all directions by only forming two-domains. 

Further, the liquid crystal display device as described herein 
could provide simplified manufacturing processes and a liquid 
crystal display device of a high quality. 

It is possible to apply the multi-domain liquid crystal 

30 display device as described herein to any alignment and liquid 
crystal mode. For example, (1) a homogeneous alignment 
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wherein the major axes of liquid crystal molecules comprising 
a liquid crystal layer are aligned in parallel with the top or 
principal surfaces of the first and second substrates, (2) a 
homeotropic (vertical) alignment which is aligned vertically 
5 with respect to the top or principal surfaces of the first and 
second substrates, (3) a tilted alignment which is aligned 
having a particular angle with respect to the top or principal 
surfaces of the first and second substrates, (4) a twisted 
alignment which is aligned twistedly, and (5) a hybrid 
p 10 alignment which is aligned in parallel with a top or principal 
fi surface of one of the first and second substrates, and with a 

=P vertical alignment with respect to the top or principal 

V surface of the other substrate. 

l^' Consequently, a multi -domain LCD as described herein 

15 includes at least one substrate applying a photo-alignment 
"E treatment and an electric field inducing window on lower 

«=% 

H substrate, and also which could provide simplified 

O manufacturing processes, wide viewing angle by distorting an 

electric field, and a multi-domain effect, 
20 Moreover, in the case of applying an alignment treatment, 

a high response time and a stable liquid crystal structure can 
be obtained by a pre- tilt angle and an anchoring energy. 
Also, the disclination is thus removed to thereby improve the 
brightness . 

25 'It will be apparent to those skilled in the art that 

various modifications can be made in the multi -domain liquid 
crystal display device and method of manufacturing of the 
present invention without departing from the sprit or scope of 
the invention. Thus, it is intended that the present 
30 invention covers the modifications and variations of this 

invention provided they come within the scope of the appended 
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claims and their equivalents. 




-14- 



